Background: Gastric cancer is a heterogeneous disease with respect to its molecular and histopathological features. Proximal gastric carcinoma (PGC) and distal gastric carcinoma (DGC) are two distinct clinical entities, suggesting the existence of different pathogenic mechanisms. PGC arises in a narrow region of the proximal stomach below the gastroesophageal junction. It accounts for around half of gastric cancers in men, with an increasing incidence worldwide and a predominance in elderly males. Summary: At present, the pathogenic mechanisms involved in the onset of PGC remain unknown. This mini-review presents the most recent findings on the pathology and natural history of this widespread and frequently fatal cancer. Key Message: PGC has unique clinicopathological characteristics distinct from esophageal adenocarcinoma and DGC. Practical Implications: Patients with a high risk for PGC, such as elderly obese men, should undergo upper endoscopy for early detection and appropriate endoscopic therapy in the early stages of disease. Once it has progressed, the cancer is more easily spread, although the current staging systems are not perfectly adapted to the disease. PGC should be staged and treated as a gastric cancer. A separate staging system and genomic studies on this cancer are urgently needed for optimal patient management and appropriate disease prevention.
Incidence and Risk Factors
Over the past 60 years, a rapidly rising incidence in both PGC and EAC has been observed in the United States, European countries and Australia, where gastric cancer is uncommon [1] , but PGC accounts for about half of gastric cancers in men [1, 7] , showing epidemiology characteristics, such as an increasing trend, elderly male predominance and Caucasian race, similar to EAC but different from DGC. Therefore, many Western investigators advocate that both PGC and EAC belong to the same disease entity and should be staged and treated alike. It must be pointed out that almost all previous reports include PGC tumors that are frequently large, over 5 cm in maximum dimension and often destroy the landmarks of the GEJ [3, 8] , which makes a confident exclusion of EAC very difficult, let alone an accurate pathological diagnosis of PGC. Because of uncertainty on the correct pathological classification between PGC and EAC, the precision of previous Western epidemiology study data on PGC is doubtful. This concern is echoed in a recent epidemiology study carried out in a well-defined Swedish population, in which the authors reported a misclassification of PGC as EAC in a substantial number of cases, leading to a falsely increased incidence of EAC in that population [9] . Such variations in pathological classification of gastric cancer by location may be present among different countries and also over various time periods, which has complicated interpretation of geographic and secular trends in PGC epidemiology, especially in cancer registries of many countries in which gastric cancer location, i.e. PGC or DGC, is not specified in over 20% of gastric cancer cases [1] .
Unlike in Western countries, EAC in Eastern Asian countries, such as Japan, Korea and China, is rare and exhibits a low and stable incidence over past decades [1, [10] [11] [12] . In contrast, PGC is very common in those Asian countries [1] . Analysis of the data from the national hospital network in Japan for the period between 1980 and 1994 reveals a decreasing trend in EAC from 2.4% in 1980 to 1.4% in 1994 [10] . On the other hand, the data from the National Cancer Center Hospital over the period 1962-1997 show a significantly increased trend in the incidence of PGC. For all early gastric cancers, the proportion of true PGC increased from 0.4% in 1962 to 4.5% in 1997, an 11-fold increase [10] . The findings in Japanese PGC patients mirror those in Chinese patients treated at the Nanjing Drum Tower Hospital in China. Under guidance of the most recently established histological diagnostic criteria on GEJ [11] , Chinese pathologists investigated all distal esophageal carcinoma resection cases over the period 2004-2010 and found EAC in only 1% of all cases [12] . Furthermore, EAC is not only rare but also stays low in frequency, with no evident changes over the 8-year study period. Most recently, they investigated small PGC with a size ≤ 2 cm (for an accurate diagnosis of PGC and elimination of misclassification of PGC as EAC) over the time period 2004-2011 and reported a significantly rising trend from 16% in 2004 to 45% in 2011 [13] . The data suggest a growing trend in incidence of PGC in contrast to a low and stable occurrence of EAC in both Japan and China in recent years, which is drastically different from that reported in Western patient populations [1] [2] [3] 7] .
Several epidemiology studies carried out mainly in Western countries have demonstrated several risk factors for PGC, such as Caucasian race [14] , male gender [14] , obesity [15, 16] , tobacco-alcohol abuse [15] , higher socioeconomic status [17] and low fruit and vegetables intake [18] . Intriguingly, Helicobacter pylori infection has been found to be inversely related to EAC and PGC in those countries [19] . However, in Eastern Asian countries, H. pylori remains the major risk factor for PGC. In a large-scale, prospective, case-control epidemiology study in a high-risk region for PGC in China, Kamangar et al. [20] reported a strong association of PGC with H. pylori infection, which is in agreement with the results of similar studies in Japan [21] and recent studies in Nanjing, China [13, 22] . In Western countries, while gastroesophageal reflux disease (GERD) has been shown to be a significant risk factor for EAC and GEJ adenocarcinoma, it is not a risk factor for PGC [19] . These findings are comparable to those reported in Chinese patients. Recently, investigators from the Nanjing Drum Tower Hospital in China systematically studied 105 consecutive patients with early PGC for possible risk factors [22] . Although H. pylori gastritis was found in a substantial number of PGC cases, the extent of this infection was significantly lower than that in DGCs, suggesting that other risk factors are also at play. The authors further found an older age (average 63.9 years, range 41-84) and a slightly higher male/female ratio of 2.6 in PGC patients, compared to younger age and a lower male/female ratio of 2.1 in DGCs (n = 327). Cox multivariate regression analysis revealed several independent risk factors for PGC, such as elderly age (>50 years) (OR 11.9, p < 0.001), overweight (OR 8.2, p < 0.05), obesity (OR 8.0, p < 0.05), history of exposure to industrial toxins (OR 2.6, p < 0.001) and GERD (OR 1.9, p < 0.05) [22] . In contrast, hiatal hernia, tobacco-alcohol abuse, use of non-steroids, low fruit and vegetable intake, hypertension, diabetes, columnar-lined esophagus, intestinal metaplasia and atrophy were not significant risk factors for PGC development [22] . These results parallel those described in Korean patients [23] and are similar to the data described in a recent meta-analysis on the risk of obesity in PGC [24] . In fact, recent epidemiology studies have demonstrated a low occurrence of GERD, hiatal hernia and Barrett's esophagus among the Chinese population [25] . These factors do not play an important role in PGC development in that population.
In summary, although an increased incidence in PGC has been observed globally, the epidemiology evidence for classification of PGC as EAC is insufficient, especially in Eastern Asian patients, because of geographic variations and inaccurate pathological diagnosis of PGC for large tumors among different countries and over various time periods, leading to a frequent misclassification of PGC as EAC. The well-recognized risk factors for PGC in Westerners include Caucasian race, elderly males, obesity, GERD, tobacco-alcohol abuse and high socioeconomic status. By comparison, in Eastern Asian countries EAC is rare but PGC is common. The risk factors of PGC include H. pylori infection, elderly males and obesity; the evidence for tobacco-alcohol abuse, hiatal hernia and low fruit-vegetable intake as risk factors for PGC is inadequate or absent.
Histopathology
By definition, PGC arises in the cardiac mucosa of the proximal stomach below the GEJ. It should be noted that the gastric cardia is a narrow region with frequent variations among different ethnic populations. Although absent in a substantial proportion of adult Americans [26] , the cardiac mucosa has been identified in neonates, children and adults of almost all ethnic populations investigated, and is present in the vast majority of Chinese and Japanese adult subjects [27] . Despite being claimed as a metaplastic lesion due to GERD [4, 26] , the cardiac mucosa is still considered as a congenital structure in the proximal stomach with important physiologic function [27] . Malignant progression of the cardiac mucosa forms the basis of PGC.
Endoscopically, early PGC tumors are elevated and protruded [28, 29] . As the disease progresses, the tumor becomes ulcerated with raised borders but remains unifocal in most cases [29] . Once PGC becomes large, straddles and destroys the histological landmark of the GEJ, it is almost impossible to differentiate PGC from EAC [1, 3, 8, 11] . In fact, in almost all previous publications on the pathology of PGC, the tumors are large (average size >5 cm in maximum dimension), ulcerated and deeply infiltrative [4, 8, 30, 31] . Therefore, it may be almost impossible to be certain whether those large tumors arose in the distal esophagus or in the proximal gastric cardia. It should be emphasized that the differentiation of PGC from EAC is certainly not more of academic interest than of practice value because of the existence of considerable differences in treatment options and prevention strategies of these tumors among different ethnic patient populations.
Because of the lack of accurate pathological information on true PGC in the literature, pathologists in Nanjing, China investigated small gastric cancer ≤ 2 cm and located within 3 cm below the GEJ with the most recently established histological criteria of GEJ [11, 13] . In that study, they systematically analyzed 111 consecutive surgical resection specimens for histopathological characteristics of small PGCs and compared these features with those of small DGCs (n = 202) in a homogeneous Chinese patient population. They found a number of unique features of PGC: (1) PGC patients were significantly older with an average age of 63 years (compared to 59.2 years for DGC patients, p < 0.05), with a significantly higher male/female ratio of 3.1. No PGC patients were younger than 40 years. (2) Endoscopically, PGCs were predominantly unifocal, clustered along the lesser curvature and significantly more common in the protruded form (p < 0.05). (3) PGCs were better differentiated and showed a much wider morphologic spectrum from the predominant adenocarcinoma type (70%) to uncommon histology varieties of adenosquamous mucinous, medullary and neuroendocrine carcinomas as well as pancreatic acinar-like adenocarcinoma [13, 32] . Poorly cohesive carcinoma, including signet ring cell carcinoma, was significantly less frequent (p < 0.0001). (4) PGCs were also significantly more deeply invasive (p < 0.05) but associated with significantly less frequent lymph node metastasis (p < 0.05). (5) In the adjacent non-neoplastic gastric mucosa, H. pylori gastritis was common and gastritis cystica profunda was significantly more frequent in PGCs (30%) than in DGCs (4%, p < 0.0001); moreover, pancreatic metaplasia was found only with PGCs (24%, p < 0.0001). These results in the pathology of PGCs are distinctly different from those of EACs [4, 8, 30] and of DGCs [13] . For instance, EACs, unlike PGCs, are almost exclusively of the adenocarcinoma type; gastritis cystica profunda has not been described in the literature, and pancreatic metaplasia is infrequent, as reported previously [4, 8, 30] .
In summary, the pathological data derived primarily from the investigation of small PGCs in a relatively large sample size in Chinese patients demonstrate unique clinicopathological characteristics and provide, for the first time, detailed pathological information supporting the proposal of classification of PGC as a distinct subtype of gastric, not EAC (at least in Chinese patients) or DGC, as suggested previously by others [33, 34] .
Natural History, Outcomes and Staging
PGC is a slow-growing cancer with a natural history of at least 5 years in most cases. In one case report from Japan of an 89-year-old man, the initial endoscopic appearance of PGC was flat, mildly depressed (IIC), as an early gastric cancer [29] . The tumor subsequently progressed to be ulcerated (III) 4 years later with elevated borders and deep submucosal invasion over an 8-year follow-up period [29] . Endoscopic studies in China with long-term follow-ups in patients who, for a variety of reasons, refused surgical resection or chemoradiation therapy showed an estimated medial survival time of 73 months and malignant progression from carcinoma in situ to an advanced stage within about 4-5 years [35] . The 5-and 10-year natural survival rates were reported to be 76.5 and 23.5%, respectively [36] . These survival rates are much better than those reported in Western EAC patients after surgical resection [1, 3, 30] .
The 5-year survival rate in PGC patients after surgical resection was reported to be 70% in Japanese patients and worse in cases with tumor invasion into the distal esophagus [37, 38] . These results are similar to those in Korean patients [33] , but better than those in Chinese patients [30, 39] . In a comparison study between PGC in Chinese patients and EAC in American patients [39] , although the 3-year survival rate was better in PGCs (54%) than in EACs (43%), the 5-year survival rate was comparable between the two ethnic groups (26 vs. 28%). Intriguingly, the 5-year stage-by-stage survival comparison for patients at stage III demonstrated a significantly better survival rate in PGC than in EAC patients by multivariate analysis (IIIA: 71% in PGCs vs. 17% in EACs; IIIB: 27 vs. 0%; IIIC: 38 vs. 0%; p = 0.024, p = 0.004 and p = 0.003, respectively). These data are almost identical to those described in a recent metaanalysis based on the Surveillance, Epidemiology, and End Results (SEER) database with 1,666 carcinomas (1,474 EACs, 192 PGCs). Whitson et al. [3] reported no significant differences in overall and cancer-specific survival between the EAC and PGC groups. However, this SEER database consisted primarily of American Caucasian patients (73%) and only 8% were Asian patients; importantly, the overall survival curve for patients at stage III was conspicuously much better in the PGC than in the EAC group. In early PGCs in Chinese patients [37] , the overall median survival after surgery was 48 months. On average, the survival was 45.8 months (range 12-93), smaller than that in the DGC group (51.4 months), but the difference between the two groups was not statistically significant in that study [37] . Regardless, the aforementioned survival results indicate a distinct survival feature in PGC patients, who show a better survival rate than EAC patients at stage III, but a worse overall survival than DGC patients, as also experienced by Japanese researchers [38] .
PGC arises in a narrow region below the GEJ and easily crosses the GEJ into the distal esophagus when the tumor becomes large. Once in the esophagus, PGC is required to be staged as an esophageal cancer according to the AJCC staging rule. The validity and effectiveness of this ruling has been seriously challenged, first by pathologists from Nanjing in China [39] , and then by Europeans [34] and Koreans [33] . In 142 consecutive Chinese PGC resection tumors that crossed the GEJ and were staged with the rules for EAC, the Kaplan-Meier survival curves for the patients staged at pIIIA showed erroneously better survival than those staged at pIA and pIIB. Moreover, multiple survival curves were crossed for cases staged at pIIB and pIIIB, indicating the existence of inter-and intra-group heterogeneity in survival. Notably, even with the staging rule for gastric cancer, PGC patient survival curves were not distinctive and exhibited incorrectly better survival prediction for cases staged at pIB and pIIB than those at pIA and pIIA. Surprisingly, patients staged at pN3B showed an even worse 5-year survival rate than those staged at pM1 and pIV [39] . The results demonstrate a poor discriminatory capability of the AJCC staging rule for PGC patients, who cannot be effectively stratified for prognosis by the current AJCC staging system [33, 34, 39] . Taken together with similar study results from European [34] , Korean [33] and most recently Canadian patients [40] , the PGC tumor staging data from Chinese patients suggest an urgent need for a separate cancer staging system for PGCs.
In summary, an accumulating body of evidence suggests that PGC is a unique, slowgrowing, heterogeneous malignancy that cannot be effectively staged and stratified for prediction of prognosis after surgical resection. Given a worldwide rising incidence of this frequently fatal cancer, a separate cancer staging system is urgently needed for pathological diagnosis, patient management and disease prevention strategies.
Molecular Pathogenesis Mechanism
Compared to DGC, the pathogenesis mechanism of PGC is poorly understood, involving genetic susceptibility, genetic polymorphisms and environmental factors, including diet among others. Although the pathological investigation of small PGC in a recent study reveals the absence of patients younger than 40 years [13] , implying a weak association with a hereditary genetic defect component, several epidemiology studies in China have reported an association of PGC with a positive family history of esophageal squamous cell or gastric carcinoma, in either parents or siblings, with a 40-80% increased risk [41] . Genetic polymorphism in the interleukin-8 gene may help explain the high susceptibility of elderly men to suffer from PGC, but not esophageal squamous cell carcinomas [42] , especially in Asians, but neither in Caucasians nor in Mexicans [43] .
With comparative genomic hybridization, Japanese researchers reported significantly more chromosomal gains and losses in 35 PGCs than in 67 DGCs [44] . Interestingly, the most common chromosomal deletion in PGC tumors is on chromosome 18q, in which the Smad gene, a tumor suppressor gene, is located. This gene plays a key role in the transforming growth factor β signaling pathway [45] . By immunohistochemistry, the HER2 and SIRT1 genes are also more commonly expressed in PGCs than in DGCs [46, 47] . Moreover, a recent gene expression array study demonstrated several differences in signal transduction pathways between PGC and DGC, compared to the adjacent normal mucosa [40, 48] . Very recently, Canadian researchers used next-generation sequencing technique to study genomic profiles of PGCs and reported in an abstract form the presence of multiple mutation differences, compared to DGCs [40] .
In summary, a growing body of evidence derived from the most recent molecular studies suggests a preliminary, but discrete, genomic profile for PGC, which is distinctly different from that for EAC or DGC, suggesting divergent pathogenesis mechanisms for these different cancers.
Conclusions
At present, mounting evidence in epidemiology, endoscopy, clinicopathology and genomics displays a set of unique clinicopathological characteristics in PGCs, which are distinctly different from those in EACs or in DGCs. In pathology, PGC is a slow-growing, but deeply invasive, heterogeneous malignancy that cannot be effectively stratified for patient postoperative prognosis by the current cancer staging rules. Taken together with distinctive genetic profiles and unique clinicopathological features, PGC should be classified as a distinct subtype of gastric cancer. Further genomic investigations on PGC pathogenetic mechanisms and establishment of a separate cancer staging system for PGC are urgently needed for better patient management and disease prevention, given the worldwide rising incidence of this frequently fatal cancer.
